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S’lMBILITYLIMITSANDBURNZNGVELOCITIESOl?LAMINAR
HYDROGEN-AJRFLAMESATREDUCEDPRESSURE
ByBurtonFine
SUMMARY
Ls,minarburningvelocitywaEmeasuredatpressuresof1 atmosphere
andbelowandcriticalboundaryvelocitygradientforflashbackatpres-
suresbelow1 atmosphereovera rangeof compositionsforhydrogen-air
burnerflames.Pressurexponentsof 0.23forburningvelocityand1.35
forflashbackvelocitygradientwerefound.Inbothcasesthepressure -.
dependencewasindependentofcompositionbetweemequivalenceratiosof
about1 and2. A moregeneralcorrelationrelatingflashbackvelocity
gratient,burningvelocity,andquenchingdistanceconformedtothe
d simplequenchingmodelofLewisandvonElbe. l?romthiscorrelationa d
A
~x recentthermalequationsforfl=e propagationa globalreactionorder
of 2.2to 2.3wascalculated.
.
A completelaminarstabilityloopwasobtainedforoneparticular
burnerdiameterandequivalenceratio.Itsshapeis discussedin terms
ofquenchingregions,normallaminaregions,andpossibleregionsof
lamlnar-turbulenttransition.
INTRODUCTION
Inthepast,variousrelationshavebeenreportedamongmeasured
propertiesofburnerflames.Insomecases,ithasbeenpossibleto re-
latetheseqirical correlationsto theoriesofflamepropagationa d
thusobtainan insightintothemechanismof combustion.Thisreport
describesa studyofcertainoftheserelationsforhydrogen-airburner
flamesovera rangeofpressuresmdcompositions.
.—
Twocombustionparameters,lsminarburningvelocityandcritical
laminarboundaryvelocitygradientforflashback,weremeasuredasfunc-
tionsof compositiona dpressure.Treatmentofdatawas based on =
exsnd.nationoftherelation(symbolsdefinedin thesectionSYMBOLS)
. (1)
u
2whichwasfirstproposedas a
“deadspace”betweena burner
Ithasgenerallybeenassumed
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definitionofthepenetrationUstanceor
flameanda coldwall(ref.1,p. 286).
thatthispenetrationdistanceispropor-
timal ~ thequenchingtistance:
—
-.
5 = (1/c)~
andthatthevalueof C dependsmainlyonthechannel
gF isassumedproportionalto ~~~. On thebasisof
(2)
geometry.Thus,
thermaltheories
offlamepropagation,ithasbeenproposedthatthi-”-quotient,andhence
gf~iS a f~ctionon~ ofa reactionratetithinthe flame zone. Ithas
beensuggested(ref.2, p.5)that gf mightserveasa directmeasure
ofreactionrate. Therefore,itwasof interesto examinetowhatextent
therelation
q = CU /dbq (3)
wouldholdforthehydrogen-airsystem.Thiscorrelationwasstudiedin
detail,sincethequenchingdistanceforhydrogenandairhadbeenpre-
viouslymeasuredovera rangeofpressuresandcompo~itions(ref.3).
Laminarburr)ingvelocitywasmeasuredatpressuresof1 atmosphere
andbelowandcriticalboundaryvelocitygradientforflashbackatpres-
suresbelow1 atmosphereovera rangeof compositions.Theflames
studiedwerestabilizedabovelongburnertubeswhosediametersranged
from0.331centimeterto 1.459centimeters.Inaddition,sufficient
dataonblowoffatreduced
ideaofthesizeandshape
Thefollowingsymbols
I
pressureswereobtainedto.givea general
ofthecompletelaminarstabilityloop.
SYMBOI.S
areusedinthisreport:
A areaofflamefront,cm2
b measuredbaseofflame,cm
c coefficientrelatingpenetrationMstanceto quenchingdistance
d burnerdiameter,cm .-
% quenchingdistance,cm
E activation.$mer~,kcal/mole
—
.
w
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.
g
*
h
z
M
m
n
P
R
r,r’
criticalboundaryvelocitygradient,sec-1
heightmeasuredonflamefront,cm
distanceacrossflamefront,cm
magnificationfactor
.!
.-
. .
reactionorder
pressurexponent
—
ambientpressure,cmHg
.
gasconstant,cal/(mole)(°K)
coefficientswhichaccountfortmnperatured pendenceoftrans-
portpropertiesinactiveflsmsamlquenchedflame,respectively
.-
absolutetemperature,%
averagevelocity,Cmjsec
volumeflowrate,cm3/sec
penetrationdistance,cm
equivalenceratio,fuel-airatiodividedby fuel-airatiofor
stoichiometric~xture
Subscripts:
b burning
f flashback
z linear
n normalflameconditions
q quenching,quenched-flameconditions
u burningvelocity
o initialconditions
Superscript:
b
o determinedatreferenceconditionsof critical-flowrificecali-
bration(about1 atmpressure)
4APPARA2XJS
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A sketchof thecombustionsystemis showninfigure1. Thecom-
bustionchsmberwascylindrical-“dwaterjacketedarounditslateral
surface.Ithadan outsidetismet~of12inchesMa heightof 24
inches.Twoopposingrectangularwindows~ inchesby 12incheswere
cutinthesidesandfittedwithglasstindows,whichwereheldinplace
by screwsandrubbergaskets.Thecombustionchamberledthrougha con-
nectingarmfittedwithbafflesintoa plenumchamber.Theplenumwas
connectedtoa vacuumpump,whichservedas a generalexhaust.The
pressurewithinthesystemcouldbe adJustedby a man’halairbleedand
wasreadfroma manometerconnectedtoa pressuretap. Coolingwater
wasexhaustedintotheplenumin theformofa sprayorcurtain.This
watercurtainwasdesignedtocoolexhaustgasesandpreventcombustion
arisinginthecombustionchamberfrompro&@&tingintotheplenum.The
plenumitselfcouldbe periodicallydrained.
Theburnerhada lengthofabout50inchesauda nmulnaldismeter
of3/4inch. Itwasfittedwithtubularinsertsabout5/8,3/8,1/4,
-d 1/8inchinUsmeterandwaswaterJacketed.Theburnerwasfitted
intoa roundopeningin thebottomofthecoribustioncmer by a pres-
sureseal.
Inccmingfuelandairweremeteredseparatelythroughcalibrated
criticalfloworificesandthentied andignitedat theburnerportby
a retractablesparkigniter.Thisignitionsourcewaseffectivedown
topressuresofabout0.1atmosphere.Sinteredbronzeflamearresters
(ref.4)wereusedtopreventflashed-backflames(orflameswhichhad
flashedback)frompropagatingupstream.Fuelflowwasmonitoredbya
manuallysetdifferentialthermalswitchwhichwasactivatedby a thermo-
coupleplacedabovetheflame.Ifthetemperatureofthethermocouple
fellbelowa setvalue,becauseoflossofflame,fuelwasautomatically
cutoffandthesystemwaspurgedwithnitrogen.Thesedeticeswerein-
stalledtopreventaccumulationfunburnedfuelin thecombustionand
plenumchambers.Forpurposesofignition,thedifferentialthermal
switchcontaineda manualoverride.
.
.
TamJKhydrogen(98to99 percentH2}andtankcompressedair(water
p~ed) wereusedwithoutfurtherpurification.
PROCEDURE
StabilityLimitMeasurement - 4
Theprocedureusedfordeterminingblowoffandflashbacklimits--
wasessentiallythatreportedInreference5. A stableflamewas w
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established;thenthepressurewasslowly
“ untiltheflamewaslost. Thisprocedure
initialreactantemperature.
Theaveragestreamvelocityatwhich
varied,at constantmassflow,
wascarriedoutat constant
flamelossoccurredwasobtained
as a functionoftheatiientpressure,theburnerdiameter,andthenomi-
nalvolumeflowratefor1 atmospherepressureby theexpression
(4}
Thequantity@ wasobtainedfromthecalibrationcurveof’thecritical-
floworificesused. Thereferencetemperatureandpressureforcalibra-
tionwerechosensothatday-to-dayf’luctuatimsin t-peratureand
barometricpressurecausednegligiblefluctuationsin T@. Forambient
pressuresoflessthan20centimetersofmercury,thebarometricpres-
surewascorrectedto 0°C. At higherpressures,thiscorrectionwas
insignificant.
Flamesweresufficientlyuminoustobe visiblein a darkenedroan,
althoughtheyappearedextremelyfaintbelow0.2atmosphere.Inmost
. cases,blowoffcouldbe detectedvisuallywithreasonablesharpness.In
thecaseofparticularlyfaintflames,blowoffcouldbedetectedbecause
thethermocoupleoffigure1 ceasedto glowrathersuddenlyafterthe
. flamewaslost. Thus,blowoffwasmeasuredownto 0.05atmosphere.
Itwasobservedthatflashbackwassharpandvigorousathigher
pressuresbutbecamelesswelldefinedat lowerpressures.In thesere-
gionsintermediatestagesof “tilted’!flameswereobservedas thepres-
surewasslowlyincreased.Observationsofthissortarereportedin
reference6. Becauseof theexistenceofa narrowpressurerangeyield-
ingtiltedorpartiallyflashed-backflames,itwasnecessaryto estab-
lisha criterionforthepressureatwhicha flameflashedback. This
wastakentobe thatpressureatwhicha stableflanecouldnotbe main-
tainedabovetheburnerport. By thiscriterion,partiallyflashed-back
flsmeswereconsideredas completelyflashedback. Thepressurerange - ‘“
ofpartialflashbackwasextremelynarrow,andanuncertaintyof onlya
fewmillimetersofmercurywasintroducedby thisprocedure.
Measurementsweremadewithburnershavingdiametersof 1.459,
1.016,and0.546centimeter.
BurningVelocityMeasurement
.
Sc~eren photographsweretakenoflaminarBunsenflamesatabout
. unitmagnification.A high-pressuremercuryarcwasusedto givean
exposureofabout5 microseconds. —
6Theoperatingprocedurewasasfolloi%:BY mSWSJ-
thepumpingrateandtherateofairintakethroughthe
surewithinthecombustionchamberwassetata desired
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.
adjustmentof
bleed,thepres- .
—
constantvalue.
ThepressurewasknowntoabouttO.2centimeterofmercury.Flames
wereestablishedabovetheburnerportandphotographed;compositionwas
variedwhilepressurewasheldconstantandtotalmass-flowratewas
changedonlyslightly.Measurementsweremadeatpressurelevelsof 74,
46,29,and16 centimetersofmercury.Correspondingburnerdiameters
were0.331,0.546,1.016,and1.459centimeters.Thus,burnersizetis,‘“ —
roughly,inverselyproportionaltothepressure(ref.5). Corresponding
Reynoldsnumberswereabout1400,2100,1200,and850andwere,inall 5
cases,an orderofmagnitudegreaterthantheReynoldsnumberfora
nearlyquenchedflame.Inthisway,coolingoftheflameby thetube
wallwasavoided(ref.7). Inaddition,conditionswereadjustedso
thattheflamesstudiedwerefarremovedfromtheblowofflimit;thus
therewasno appearanceofliftedflamesat lowpressures.A fewmeas-
urementsweremadeat 1 atmospherewitha 0.546-centimeterbu ner.Re-
sultswerenotsignificantlydifferentfromthoseobi%inedwitha 0.331-
centimeterburner.An over-allcompositionrangeof27to 64percent
hydrogenwascovered,but
pressures.
Burningvelocitywas
The
the
The
thetotalspreadwasnot
obtainedby therelation
00
ub=vA:.—
totalareawascalculatedfrommeasurementson
approximateon
r I
ob-tiinedat all
.
(5)
thephotographsby
symbolsusedinequation(6)maybe clarifiedby referringtothe
follo~g sketch:
(6)
.
w
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—
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hl
1
~b
Theapproximationattemptsto correctforthedepartureof thefleme
fromtheshapeofa coneina simplefashion.Therelativemagnitudes
of hl and h2 werechosenaccordingto thesizeandshapeof the
. flame.Inmanycasesthecurvatureof theflamesidewassmallenough
thatthesimpleapproximationfa perfectconegaveresultswithin5
percent
greater
oftheseo%ainedbyequation(6). Inno casewasthedifference
thsm12percent. ——
RESULTSANDDISCUSSION
TableI showsthecriticalflashbackvelocityandboundaryvelocity
gradientas a functionofambientpressure,burnerdiameter,andequiva-
lenceratio.Roughly,fora singleequivalenceratio,thedatafor
flashbackvelocityielda familyofparallelines,oneforeachburner.
An exampleis showninfigure2. However,a moresatisfactorycorrela-
tionis obtainedifthecriticalboundaryvelocitygradientisplotted
againstpressure.
by therelation
As showninfigure
ForfullydevelopedPoiseuille-flow,thisis-defined
gf = 8UZ/d (7)
3,thecorrelationf gf tithambientpressureis
independentofburnerdiamterovera intermediaterangeofflowcondi-
tions.Thecorrelationisbestbetween@ = 1.30 and Q = 1.80 and
islesssatisfactoryat theextremesof composition.Abovea Reynolds
numberofabout1500,it failscompletely.Thepressureforfkshback
remainsconstantwithincreasingcriticalboundaryvelocitygradient
andbecomesa functionofburnerdiameter.
8Thedatashowninfigures2 and3 are
theyaresufficientlycompletetopermita
flashbackportionofthestabilitycurve.
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notexhaustive.However,
generaldiscussionofthe
I?Yomconsiderationof the
.
.
presentda~aandtheresultsgiveninreference5 withacetyleneflames,
itmaybe inferredthatthecurveforlaminarflashba6khasthefollti-
Inggeneralshape: 1
LogUZ
—
andmaybe dividedintothreepartsas shown.Theshapeofthiscurve
maybe interpretedbyreferringto equation(1). IntheB porti~n
theburningvelocityisassumedtohaveitsnormalvalueata distance
5 frmnthewall. Ingeneral,burningvelocityandpenetrationdistance
willvarywithpressure,andthiswillleadtoa variationof gf with
pressure.Aspressureisreduced,however,thereactionrate,which
varieswith P2,decreasesharplywhiletherateofheatconductionto
thewallremainsaboutthesame.Thus,at somelowpressure,thevolu-
metricheataeleaseratebecomesinsufficienttomaintainormalflame
temperature;andtheburningvelocityis accordinglyreduced.By equa-
tion(1),then,theflamewillflashbackata lowerboundaryvelocity
gradienthanwouldbe expectedfromthenormaleffecti-ofpressureon
burningvelocfty.Thisiswhatis observedin regionA. Finally,a
pressureis reachedbelowwhichtheflameiscooledsufficientlytobe
fullyquenched.Thishappensatpoint q.
Gnefurtherpointmaybemadewithregardtoflashbackat lowpres-
sures. Ithasbeenassumedthattheboundaryvelocitygradient,that
is,thevelocitygradientat thewall,isa-goodapproximationforthe
actualflashbackvelocitygradientgivenin equations.(1)and(3). How-
ever,thisholdstrueonlyif theburnerdimeterismuchlargerthan
thepenetrationdistance(or,accordingly,thequenchingdiameter}.
Thus,at sufficientlyowpressurestheacttilflashbackvelocitygradi-
entwillbecomesmallerthantheboundaryvelocitygradientdefinedby
equation(7). If,infigure3,theactualvelocitygradientwereplotted
insteadofthebounda~velocitygradient,thetrendobservedin thelow- -
pressureregionwouldbe evenmorepronounced.
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TheexistenceofregionC csnnot
“ thisregionthepressureatwhichthe
9
be explainedinanydetail.In
flamedisappeareddownthetube
appearedindependentof stresmvelocityfora particularburnerbutin-
creasedwithdecreasingburnerdismeter(fig.2). ‘I!hattheReynolds
numberassociatedwiththebeginningofeachconstantpressureregion
hada valueofabout1500suggeststhatlaminar-turbulenttransitionis
somehowinvolved.However,belowReynoldsnumbersofabout2200,the
.-
flsmesthemselvesappearedlaminarandshowedno evidenceof instability
orturbulence. .—
Datashownh figure3 whichliein regionB, theregionofnormal
laminarflashback,havebeencorrelatedbya relationoftheform
“(8)
Between@ = 0.95 and ~. 2.25 q takesonvaluesbetween1.27and
1.42. Thescatterwithcompositionisrandomand,therefore,‘nfmay
y be takenequalto 1.35s.08.For @ = 0.80,ontheotherhand,w has
z a valueofabout2. Onceagain,thiseffectcannotbe explained&anti-
tativelybutmaybe relatedtotheunusuallyhighdiffusivityofhydro-
l
genwhich,leanof stoichiometric,mightdrasticallyaffecttheburning
velocitynearthewall. Ingeneral,leanhydrogen-airflamesareknown
to exhibitpeculiarbehavior(ref.8).
.
Presentresultsarecomparedwiththedataofreference6,which
wereobtainedat 1 atmosphere;consistentlyowercriticalbouudaryve-
locitygrdlents(fig.3)arepredictedinreference6. However,be-
causeofthelargeuncertainregionofpartialflashbackreportedin
reference6,agreementis consideredsatisfactory.Furthermore,in ref-
erence6 thecurveis drawnthroughtheminimumvaluesofthecritical
boundaryvelocitygradientfora givencomposition.Thus,thecriterion
,ofreference6 forflashbackwasnotthesameas theoneadoptedinthe
presentstudy.Figure4 showscrossplotsof ~ againstpercenthy-
ihoga at VELriOUSpressures;in awtion~ the cue ofreference6 iS
shown. Itappearsthata maximumoccursat about38percenthydrogen
(0=1.5), anditspositionisifiepadentofpressure.
.—
BlowoffandGeneralStabilityLoop
Theinterpretationofblowoffdatais difficultbecauseofthefact
thatconditionsunderwhicha flamewillblowoffdependonthenature
ofthegasescirculatingearthebaseoftheflame.Forflamesburning
in openair,thecriticalboundaryvelocitygradientincreasescontinu-
ouslywithincreasingfuelconcentrationat constantpressure(ref.9).
Forcompletelyshieldedflames,however,onlyinertgasesorcombustion---
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productsmaycirculateatthebaseoftheflame.Inthiscase,ifthe
expertientalconditionsaresufficientlyfarremovedfromthequenching
region,thecriticalboundaryvelocitygradientforblowofftillpass
througha maximumataboutthesameconcentrationasforflashbackat
constantpressure(ref.10,p. 84). Thedimensimsof theyresentap-
paratusaresuchthatneitherbehavioris obseneduniquely,andthere-
sultingdatacannotbe interpretedindetail.
Itis ofinterest,however,toexaminea completestabilityloop
whichisbasedonbothblowoffandflashbackmeasurements.An example
is showninfigure5 for 4 = 1.50(38percenthydrogen)and d = 1.459.
Thegeneralshapeis similartothosereportedforacetyleneflames
(ref.5).
Theflashbackportionhasbeendiscussedpreviously.Theblowoff
portionofthestabilityloopmayklkewisebe consideredin threesec-
tionsu, j3,and T offigure5. Inthea portion,theblowoffveloc-
ityincreaseswithincreasingpressureandmergesintotheturbulent
regionathighmass-flowrates.IntheB portion,theblowoffvelocity
isindependentofpressure;and,inthey region,blowoffvelocityactu-
allydecreaseswithincreasingpressure.If,intheT rf3giOIIat least,
blowoffvelocitydependsonflamespeedandpenetrationdistanceas
expressedinequation(l),thatregionmaybe interpretedasa quench- l
ingregion.Blowoffisassumedto occurwhenthestreamvelocitynear
thewallexceeti”theburningvelocityat everypoint(ref.1,p. 288).
Hence,ifthereis sufficientheatlosstothewallto causea lower
.
burningvelocitythannormal,theflamewillblowofflata higherpres-
surethanitotherwisewould.Thisexplanationassumesthatthenature
ofgasescirculatingeartheflamebasewillnotqualitativelyaffect
.
.
theresult.
Ithasbeenassumed(ref.5) that theflashback
intersectatpoint q infigure5. Thepressureat
to thepressureatwhicha tube1.459centimetersIn
quencha flameat @ = 1.50. Ifthepressureat q
andblowoffcurves
q wouldcorrespond
diameterwould
ispredictedfrom
thequenching-~stancecorrelationgiveninreference_3,a pressureof
6.2centimetersi obtained,whichis infairagreaentwiththeresult
obtainedby estimatingthepressureatwhichtheflashbackandblowoff
curvesintersect.k figure5,thisoccursatabout7.3centimeters.
Tocausetheflashbackandblowoffcurvestointersectimpliesthat
point q definesan extinctionvelocitybelowwhicha flameofgiven
compositiona dburningovera giventubecannotexistunderanycir-
cumstances.Itispossible,however,thatthetwocurvesmightapproach
eachotheratfirststeeplybutthenasymptotically,inwhichcasepoint
q woulddefine,withinverynarrowlimits,a pressurebutwouldnotde-
finea velocity. —
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Thesoliddiamondinfigure5 shows
diagramburningvelocitiesweremeasured
u.
aboutwhereon thestability
witha 1~459-centimeterbu ner.
~e-Reynoldsn&ber at thatpointwasabout850. Thisismorethanan
orderofmagnitudegreaterthantheReynoldsnumberat quenchirig.Since
850wasthelowestReynoldsnumberat whichburningvelocitywasmeas-
ured,itmaybe assumedthatquenchingeffectswereabsentin allcases.
BurningVelocity ...—
.
.
Burningvelocitiesareplottedinfigure6. At 1 atmosphere,the
maximumvalueis about304centimeterspersecondandoccursatabout
45percenthydrogen(*= 1.95).5s valuemaybe comparedwithvalues
obtainedby othermethods.Inreference11,a msdmumvalueof 298is
reportedat 40percenthydrogen.Reference12gives310centimeters
persecondat 41percenthydrogen.Theagreementisprobablysatis-
factoryforthedifferentmethodsbeingused. No shiftofthemaximum
compositionis observedwithchangeofpressure.
Burningvelocitiesarenotshownforconcentrationsmuchlesmer
thm stoichiometric.Datain.thisregionwouldbeunreliablefortwo
reasons.First,sincetheburningvelocitypeeksfarintotherichre-
gion,burningvelocitiesin theleanregionwouldbesubjecto great
uncertaintyforIlttleuncertaintyin flowrates.Second,leanhydrogen-
airburnerflsneshavebeenobsenedto exhibitstructurein theflame
frontsothatburningvelocitymeasuredintheusualwayhaslittlemean-
ing(ref.8}.
Theexperimentaldataarecross-plottedinfigure7 asfunctionsof
pressureat constantcomposition.A correlationftheform““
(9)
wasfoundwith ~ vsryingrandomlybetween0.208and0.256between
@ = 1.10 and @ = 1.90;itsaveragevalueoverthatrangeof composi-
tionisabout0.23. Thispressuredependenceislargerthanthevalue
of0.09reportedinreference12.
..— _
RelationsAmongVariousCombustionProperties
Thepressurexponentforquenching~ wasfoundtobe about
-1.11between* = 1 and @= 2 (ref.3). A generaltestofthevalitity
ofequation(3),therefore,wouldbe to examinetherelation
=n-n
‘f u q (lo)
—.
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Since,fromthepresentinvestigation,~ = 1.35and”-~ = ().23,equa--
tion(10)holdsverywell. Ifthevalueof’nu = 0.09reportedinrefe-
rence 11 isused,equation(10)doesnotholdaswell. Ontheother
hand,therelation
u~~P = constant (11)
hasbeenexperimentallyobservedandtheoreticallypredicted(ref.3).
Accordingtoequation(l-l),therefore,therelation
shouldhold. Inthiscase,however,thevalueof nu reportedinref-
erence11 givesbetteragreaentthanthepresentvalue.
ThecoefficientC,whichisdefinedby equation~(2),wascalculated;
thecalculationwasbasedonpresentdataandthequenchingdataof
reference3. Thevalueof C!willdependonthegeometryoftheburner
usedformeasuring
‘q“ Thus,itisfoundthatintheregionof normal
laminarflashbacktherelation .
Ub
&3f= 2.6— —%
.
.—
“
—
4
(13)
holds,where
‘q representsthequenchingtistancebetweenplaneparallel
plates.By referenceto equation(2),then,itisfoundthat
Q = 2.65
isingoodagreementwithsimplequenching
(14)
theory(ref.1).
ReactionOrderfromPressureExponents
Onthebasisofa thermaltheoryofflamepropa@ticm,thefollow-
ingequationshavebeenderived(ref.3):
m 1 dlnTn “E dlnTnnu=~-l+~rt dlnP ‘~dlmP (15)
‘+*r =-L5%=-? 2RTqd inP (16)
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in which
. account.
(1)
(2)
(3)
(4)
thepressuredependenceof
Thefollowingassumptions
flametaperature
havebeenrode:
13
istakeninto
Theinitialmixtureis stoichiometric.
TheactivationenergyE = 23kilocaloriespermole(ref.3).
dln~/dlnP= d inTq/dlnP = 0.017. (17)
Thecoefficientsr and r’,whichaccountforthetemperature
dependenceoftransportpropertiesintheactiveflameandthequenched
flame,respectively,areequal.
-.
(5)Thequenchingtemperature
‘~
= 0.8Tn+ 0.2To (ref.3). (18)
Then,providedequation(3)isvalid,equations(15),(17),and(18)
maybe combinedtoyieldtheexpression
(19)
+
Withtheaidofequation(17),thismaybe solvedforthereaction
orderm to givea valueof 2.2E&0.09.Thisresultisin goodagree-
mentwiththevalue2.17obtainedfromquenchingdata(ref.3).
Ina similarway,a reactionordermay
sureexponentofburningvelocityby useof
is insensitivetothevaluechosenfor r’.
tweenO and2 willleadtoa reactionorder
SUMMARYOFRESULTS
Lsminarburningvelocitiesandstability
pressuresbelow1 atmosphereandovera range
hydrogen-airburnerflames.
be obtainedfromthepres-
equation(15).Theresult
Thus,a valueof r’ be-
intherange2.32to 2.36.
Mmits weremeasuredat
of compositionsfor
Laminarburningvelocityforhydrogen-airflameswasa maximumwith
about45percentfuel(equivalenceratio @ = 1.95)overa pressure
rangefrom0.2to 1 atiospherejat 1 atmosphere,themaximumvaluewas
about304centimeterspersecond.Overthegivenpressurerangeand
@ ofabout1 to 2,thefollowingcorrelationwasfound:
% = ‘0”23
.
where ~ istheaverageburningvelocityand P istheanibientpressure.
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Forthatintermectl.ateportionofthelaminarflashbackcurvebe-
tweentheregionofpartialquenchingandtheregioncorrespondingtaa
Reynoldsnumbergreaterthan1500,thefollowingcorrelationis obsened: u
where ~ isthecritical
Thisisvalidbetween@ =
* ~ pl.35
boundaryvelocitygradien~forflashback.
0.95and *= 2.25.A moregeneralrelation
where ~ is thequenchingdistancemeasured
plates,is observedovera rangeof pressures
betweenplaneparallel
andcompositions.The
~oeffi~ient2.6isin reasonableagreementtitha simplephysicalmodel
forquenching.
A globalreactionorderintheraagefrom2.2to’”2.3hasbeencal- _
culatedfromobservedpressurex@onentsad thermal-typeequatibnsfor
flamepropagation.
.
LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,August13,1956
.
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